Atrial fibrillation (AF) is responsible for 10-20% of cerebral infarctions. Several mobile devices have been developed to screen for AF and studies of AF screening have been conducted in several countries to evaluate the applicability of these mobile devices. In this tradition, we conducted a community-based AF screening using an automated single-lead electrocardiogram (SL-ECG). This survey examined 2,422 participants in a community dementia screening program who were aged 60 years or older in the preliminary study, and 5,366 participants at 9 Senior Welfare Centers aged 60 years or older in the expanded study. AF screening was conducted using an automated SL-ECG (Kardia Mobile, AliveCor, Mountain View, CA, USA). AF was confirmed with a 12-lead electrocardiogram in subjects classified as having AF on the SL-ECG. In the preliminary study, of the 2,422 subjects, 124 had AF on the SL-ECG. The prevalence of AF was 3.0% (95% confidence interval [CI]: 2.4-3.8). The positive predictive value (PPV) of SL-ECG was 58.9% (95% CI: 50.1-67.1). Of the subjects diagnosed with AF, 65.8% (95% CI: 54.3-75.6) were newly diagnosed. In an expanded study, of the 5,366 subjects, 289 had AF on SL-ECG. The prevalence was 2.6% (95% CI: 2.2-3.1) and PPV of SL-ECG was 48.8% (95% CI: 43.1-54.5). In this community-based AF screening, we found that AF is underdiagnosed and undertreated. These results suggest that the early detection of AF using mobile devices is needed in Korea.
INTRODUCTION
Although stroke mortality has declined rapidly over the past 20 years, stroke is still the third most common cause of death in Korea. 1 There are two kinds of stroke: cerebral hemorrhage and cerebral infarction. Three-quarters of stroke patients have cerebral infarction, and atrial fibrillation (AF) is responsible for 10-20% of these kinds of strokes. In Korea, 3.1-7.6% of patients with AF develop strokes each year. 2 In addition, the prevalence of AF is 2.35% in men and 1.71% in women aged ≥60 years, and the incidence of AF increases by 1.5 to 2 times with each decade. 3 Oral anticoagulants (OAC) have been found to reduce the risk of cerebral infarction by about 70%. 4 Therefore, the early detection and treatment of patients with AF is a good way to reduce the burden of AF-related diseases.
Several mobile devices have been developed to screen for AF. These devices diagnose AF using pulse irregularity or rhythm analysis of a single-lead electrocardiogram (SL-ECG). The emergence of mobile devices capable of diagnosing AF is providing an opportunity to re-evaluate AF screening. Recently, the National Institute for Health and Clinical Excellence (NICE) recommended an automatic blood pressure monitor for the early detection of AF. 5 Studies of AF screening have been conducted in other countries to evaluate the applicability of these mobile devices, [6] [7] [8] however, the use of AF screening with mobile devices has not yet been evaluated in Korea. Therefore, we conducted a community-based AF screening using a SL-ECG. 
MATERIALS AND METHODS

Subjects
In the preliminary study, 2,422 individuals who participated in a community dementia screening program in Dong-gu, Metropolitan Gwangju and were aged 60 years or older were screened for AF between April and June 2017. In the expanded study, the screening program was expanded to five districts, 5,366 individuals aged 60 years were screened for AF. Between April and September 2018, the expanded screening program was conducted at two Senior Welfare Centers in Gwangsan-gu and Buk-gu, three centers in Nam-gu, and one center in Dong-gu and Seo-gu.
AF screening and confirmation
Subjects underwent AF screening using the Kardia Mobile (AliveCor, Mountain View, CA, USA) ( Fig. 1 ). This SL-ECG consists of a pair of electrodes and records lead I in the 12-lead ECG. When one finger of each hand is placed on each electrode, the ECG is recorded for about 40 seconds and immediately reports the ECG results as 'Normal', 'AF', or 'Unclassified'. A 12-lead ECG was performed within 20 minutes for the subjects identified as having AF on the Kardia Mobile, and all 12-lead ECGs were reviewed by a cardiologist. Treatment of the AF was recommended for the newly diagnosed AF patients and, 1 month later, they were interviewed by telephone to determine whether they had visited a clinic or hospital for treatment of the AF. Figs. 2 and 3 are flow charts of the study design.
Covariates
In the preliminary study, information on lifestyles and medical history was obtained in a face-to-face interview using a structured questionnaire. Smoking history was coded as never, ex-smoker, and current smoker. Alcohol consumption was coded as non-drinker and current drinker. Medical history included hypertension, diabetes, hyperlipidemia, thyroid disease, angina pectoris, myocardial infarction, AF, heart failure, valvular heart disease, transient ischemic stroke, cerebral infarction, cerebral hemorrhage, and peripheral artery disease. However, in the expanded study, this information was not collected.
Statistical analysis
The general characteristics of the subjects are presented according to the presence or absence of AF. Continuous variables are reported as the mean±standard deviation and categorical variables as the number (proportion). The ttest was used to compare continuous variables, and the chi-square test was used for categorical variables. All analyses were performed using R ver. 3.5.1 (The R Foundation for Statistical Computing, Vienna, Austria).
Ethical statement
All participants provided their informed consent to participate in this study. This study was reviewed and approved by the Institutional Review Boards of Chonnam National University Hospital (CNUH-2017-091).
RESULTS
In the preliminary study, of the 2,422 subjects, 2,140 were normal, 158 were unclassified, and 124 had AF on the SL-ECG. Of the latter 124, 73 (58.9%, 95% confidence interval [CI]: 50.1-67.1) were confirmed to have AF on the 12-lead ECG, 32 (25.8%) were in normal sinus rhythm, 9 (7.3%) had premature ventricular contractions, 7 (5.6%) had premature atrial contractions, 2 (1.6%) had right bundle branch block, and 1 (0.8%) had sinus arrhythmia. Of the 48 newly diagnosed AF patients, 29 (60.4%) underwent treatment. The prevalence of AF was 3.0% (95% CI: 2.4-3.8) and PPV of the SL-ECG was 58.9% (95% CI: 50.1-67.1) (Fig.  2 ). In the expanded study, of the 5,366 subjects, 289 had AF on the SL-ECG. Of those, 141 (48.8%, 95% CI: 43.1-54.5) were confirmed to have AF on the 12-lead ECG. The prevalence was 2.6% (95% CI: 2.2-3.1) and PPV was 48.8% (95% CI: 43.1-54.5) (Fig. 3) . Table 1 presents the baseline characteristics of participants according to AF status. Compared to the group without AF, the group with AF included a higher proportion of males, was older, had a higher prevalence of heart failure and valvular heart disease, and had a lower prevalence of smokers. Fig. 4 shows the prevalence of AF according to age and sex. The prevalence of AF was higher in males and increased with age. The prevalence of AF was 4.5% in males and 2.3% in females. The prevalence of AF in men in their 60s, 70s, and 80s were 1.9%, 4.6%, and 6.3%, respectively, compared with 0.9%, 2.4%, and 4.4%, respectively, in women. 
DISCUSSION
This study found that the prevalence of AF in Korean adults aged 60 years or more was 3.0%, and 65.7% of the subjects with AF were newly diagnosed. In our study, the predictive positive value (PPV) of the Kardia Mobile Heart Monitor was 58.9% (95% CI: 50.1-67.1). In the expanded study, the prevalence was 2.6% (95% CI: 2.2-3.1) and PPV was 48.8% (95% CI: 43.1-54.5). To our knowledge, this study was the first AF screening using an automated SL-ECG in Koreans. AF screening using the Kardia Mobile Heart Monitor was applicable in the community setting. In the preliminary study, in combination with a well-established community dementia screening program, AF screening programs could be efficiently implemented for residents aged 60 and older. In addition, in the expanded study, we were able to show that AF screening can be performed efficiently based on the elderly facilities throughout a metropolitan area.
The underdiagnosis of AF has been reported in different populations. The proportion of subjects newly diagnosed with AF at a screening in previous studies was 30.3-66.2%. [8] [9] [10] In our study, 65.8% of the AF patients were newly diagnosed by the screening. Given that paroxysmal AF can be significantly underdiagnosed in a single measurement, [11] [12] [13] AF is likely to be underdiagnosed much more often than reported here.
In previous studies, 20.3-34.2% of AF patients were treated with OAC. 6, 9 However, in a study population with high socioeconomic status, 85% of the AF patients were treated with OAC. 12 In our study, 55.2% of the 29 patients with a history of AF were treated with OAC, which was higher than the 46% treatment rate reported by a study using data from the Korean National Health Insurance Service. 14 The reason for this difference is that our study population consisted of subjects voluntarily participating in a dementia screening program at the public health office.
In this study, 48 patients with newly diagnosed AF were advised to have the AF treated, and 29 of the 48 (60.4%) patients were treated within 1 month. Similar to our study, All values are given as n (%) or mean±standard deviation.
FIG. 4.
Prevalence of atrial fibrillation according to age and sex in the preliminary study.
60% of the people diagnosed with AF were prescribed OAC in a screening program for adults aged 65 years or older who visited pharmacies. 6 By contrast, in the STROKESTOP study, 93% of the people newly diagnosed with AF were prescribed OAC. 15 The treatment rate in the STROKESTOP study was likely high because the AF patients diagnosed at the screening center in the hospital were referred directly to a cardiologist. In this study, the PPV of SL-ECG was 58.9%, which was lower than that of previous studies. Chan et al. 7 and Chan et al. 8 reported PPVs of 64.9% and 77.2%, respectively. This difference in PPV may be due to differences in the method of confirmation of AF. In these two previous studies, atrial fibrillation was confirmed by reviewing the SL-ECG stored at the screening by a cardiologist. However, in this study, a cardiologist confirmed AF with a 12-lead ECG measured after SL-ECG. Due to the time interval between the measurement of SL-ECG and the measurement of the 12-lead ECG, some paroxysmal atrial fibrillation may not have been diagnosed. This study had several limitations. First, the validity of the SL-ECG was not assessed fully because the 12-lead ECG was performed only on the subjects in whom the SL-ECG detected AF. However, some studies have reported that Kardia Mobile Heart Monitor's detection rates are acceptable. Lau et al. 16 and Lowres et al. 6 reported that the sensitivity was 98% and 98.5%, and the specificity was 97% and 91.4%. Second, asymptomatic paroxysmal AF may not have been diagnosed because AF was diagnosed with a single measurement. 17 Third, the benefit of AF screening was not evaluated fully in our study. The decrease in cerebrovascular mortality or incidence of stroke attributable to the screening program could not be evaluated due to the limitations of the study's design. Additionally, the cost-effectiveness of the AF screening was not evaluated. Some studies have reported that AF screening is cost-effective, 6, 10 but the cost-effectiveness should be reassessed in the Korean medical setting.
In conclusion, we showed that AF screening was applicable to Korean adults. Of the subjects diagnosed with AF, 65.8% were newly diagnosed. Because AF is underdiagnosed in Korea and nearly half of AF patients are not adequately treated, early detection and treatment of AF are needed. Future research should determine the appropriate interval between screenings, the groups at high risk for this condition, and the cost-effectiveness of AF screening.
